A s a therapeutic class, vaccines are generally considered to be the health care intervention that provides the best value. 1 Vaccine products are known to have provided more benefit to society than expense, and they have been estimated to save society more than $5 for each dollar spent on most routine pediatric vaccinations. 2 Two vaccines that have had a remarkable impact on eliminating diseases are the polio and smallpox vaccines. 3 Other serious diseases that have been prevented include diphtheria, tetanus, whooping cough, invasive Haemophilus influenzae type b disease, rubella, mumps, and measles. In light of the success of vaccines to date, high immunization rates remain the key for society to continue to benefit from these preventive treatments.
Vaccines have had an impressive impact on decreasing disease morbidity within the United States, as evidenced by the Centers for Disease Control and Prevention' s annual morbidity estimates for a range of diseases both before the introduction of vaccines and their current estimates (Table 1) . 4, 5 It is noted that the annual burden for these 9 diseases has either approached or exceeded a 90% reduction through the use of vaccines. 4, 5 In addition to the impact of vaccines within the United States, vaccination programs have also had a worldwide effect in reducing the number of deaths from specific diseases. 1 Table 2 highlights that nearly 3 million lives have been saved globally from vaccine-preventable diseases because of increased vaccine coverage. 1 Ehreth 1 has compiled data demonstrating the following:
• Savings in direct medical costs due to the eradication of smallpox in 1977 exceed $300 million dollars per year.
• One case of measles is estimated to cost 23 times the amount spent to vaccinate 1 child against measles.
• For every dollar spent on measles-mumps-rubella vaccine, more than $21 is saved in direct medical costs.
• For every dollar spent on diphtheria-tetanus-acellular pertussis vaccine, more than $24 is saved.
• For every dollar spent on H. influenzae type b vaccine, more than $2 is saved.
nn Data Elements of Pharmacoeconomic Analyses of Vaccines
For many pharmacoeconomic analyses, the study perspective has often been that of a health system, and the primary cost data collected are direct medical costs (e.g., medication costs, cost of hospitalizations for severe illness, costs associated with the management of adverse events). However, in pharmacoeconomic studies of vaccines, it is common for researchers to conduct their analyses from a societal perspective, including direct medical costs as well as indirect costs. Indirect costs include considerations for cost savings resulting from the preventive elements of vaccines, such as fewer missed work days. 6 For
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example, the calculated vaccine benefit when considering indirect costs may include the savings realized when parents do not need to take time off from work because the administered vaccine prevented pediatric infections from occurring. Similarly, because vaccines may prevent death, another benefit considered in pharmacoeconomic analyses of vaccines is that they allow children to mature into productive members of society. In these analyses, vaccine intervention costs may be compared against reduced disease treatment costs, work loss costs, and patient mortality costs. Including indirect costs in pharmacoeconomic analyses provides the broadest assessment of vaccines and improves their cost-effectiveness because they include financial benefits that occur outside of health systems.
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Review of Pharmacoeconomic Analyses of Vaccines
Using the aforementioned direct and indirect cost considerations, myriad pharmacoeconomic analyses of vaccines currently in use have been conducted with varying results. In general, these analyses can be used as a starting point to frame the benefits of specific vaccines in managed care with a balanced view of necessary societal perspectives. The following review of select published pharmacoeconomic analyses of vaccines demonstrates the value of conducting these analyses in managed care when all relevant criteria are considered. The diphtheria-tetanus-acellular pertussis vaccine has been shown to be cost-effective from both the societal and health system perspectives. 7 The hepatitis B vaccine has been shown to be cost-effective from a societal perspective, costing $1,522 per year of life gained when administered to infants from a health system perspective. 8 The varicella vaccine has been shown to be cost-effective from a societal perspective and to cost $2,500 per year of life gained from a health system perspective. 9 However, the pneumococcal conjugate vaccine has been shown to cost $80,000 per year of life gained from a societal perspective (i.e., the benefit was less than the cost of the vaccination program). 10 The authors noted that although the pneumococcal conjugate vaccine can be a useful and important vaccine, it provides less value economically at the manufacturer' s list price.
One analysis compared the cost-benefit and cost-effectiveness of varicella, hepatitis A, and pneumococcal conjugate vaccines. 11 The authors reviewed U.S. cost-effectiveness studies and assessed each vaccine from both a health system and societal perspective. From a societal perspective, the varicella vaccine had a cost-benefit ratio between $4.76 and $5.61 for each dollar spent. From a societal perspective, the hepatitis A vaccine had a cost-benefit ratio of $1.96 for each dollar spent. However, from a societal perspective, the pneumococcal conjugate vaccine had a benefit of $0.68 for each dollar spent (i.e., the financial benefit was less than the cost of the vaccination program). The authors noted that the pneumococcal conjugate vaccine would cost twice the amount of the varicella and hepatitis A vaccines combined and would be less cost-effective than the other vaccines.
Pharmacoeconomic analyses can also be applied to evaluate the use of different forms of the same vaccine (e.g., inactivated vs. live attenuated) compared with simply evaluating use versus nonuse. One study created cost-benefit and cost-effectiveness models to compare the introduction of inactivated poliovirus vaccine to reduce vaccine-associated paralytic poliomyelitis, an uncommon complication that is associated with the live-attenuated oral poliovirus vaccine. 12 Use of the inactivated poliovirus vaccine was estimated to cost at least $3 million for each case of vaccine-associated paralytic poliomyelitis that was avoided.
In addition to assessing the value of specific vaccines in managed care, pharmacoeconomic analyses can also be used to evaluate different strategies for vaccination. One study created a decision-analytic model using direct medical costs to compare 2 treatment strategies for patients with hepatitis C to be vaccinated against both hepatitis A and hepatitis B. 13 The authors determined that a universal strategy of immunizing patients suffering from hepatitis C against both hepatitis A and hepatitis B was more effective, but more costly, than first testing patients for immunity and then selective immunization. However, the incremental cost-effectiveness ratio was only $154 for the universal immunization strategy, indicating that this was a very good value and therefore recommended by the authors.
In assessing vaccination strategies, another study evaluated whether it was cost-beneficial, from a societal perspective, to routinely vaccinate incoming first-year college students living in dormitories. 14 The authors determined that the cost of the needed vaccination program would far exceed the benefits of preventing meningococcal disease. It was estimated that the net cost per meningococcal case averted ranged from $0.6 million to $1.9 million and from $7 million to $20 million per death averted. The authors did not recommend routine vaccination of first-year U.S. college students living in dormitories because of the low incidence of disease and the high cost of the vaccination program.
One vaccine under particular scrutiny in managed care is the recently introduced human papillomavirus (HPV) vaccine. To date, 6 pharmacoeconomic models have evaluated vaccination against HPV. 15 One model estimated the impact of vaccinating all 12-year-old girls in the United States with a vaccine active against HPV-16 and HPV-18. 16 The authors estimated the number of lifetime cases of cervical squamous intraepithelial lesions and cases of cervical cancer that could be prevented with such an immunization program. Table 3 summarizes the estimated clinical benefits of HPV vaccination. The authors estimated that 18 girls would need to be vaccinated to prevent 1 case of cervical squamous intraepithelial lesion and 600 girls would need to be vaccinated to prevent 1 case of cervical cancer. 16 Table 4 summarizes the cost and cost-effectiveness results from the analysis. The authors estimated the cost per quality-adjusted lifeyear gained to be $22,755 for the cohort of 12-year-old girls. 16 The authors then revised their model to include a range of vaccine efficacies as well as population penetration of HPV and compared the vaccination of only 12-year-old girls versus the vaccination of both girls and boys. 17 They estimated that the number of expected lifetime cases of cervical cancer related to HPV-16 or HPV-18 would decrease by 95.4% and that vaccination would add an average of 6.1 quality-adjusted lifeyears per woman. The cost-effectiveness ratio of the HPV vaccine was estimated to be $14,583 per quality-adjusted lifeyears gained. When the authors examined the vaccination of both girls and boys, it was estimated that cervical cancer cases would drop by 98.8% compared with no vaccination program and that an incremental 0.21 quality-adjusted life-year would be added per woman compared with only the vaccination of girls. However, the incremental cost-effectiveness ratio of $442,039 per quality-adjusted life-years gained compared with only the vaccination of girls was substantial. Because this incremental ratio was so large, the authors did not recommend the vaccination of boys. 17 nn
Conclusions
Vaccinations are one of the most significant public health interventions to emerge in the past century. In conducting pharmacoeconomic analyses for agents in this class, researchers must consider costs incurred at both the health system and societal levels as well as cost savings realized through the prevention Despite the clinical success and cost-effectiveness of many vaccination programs, it is very important to remain vigilant in achieving high vaccination rates, especially for children. Even though some previous theoretical concerns (e.g., possible autism caused from the measles-mumps-rubella vaccine) have been refuted, improved vaccination rates should still be sought. 18 If vaccination rates drop, the United States would be susceptible to infection from countries where specific vaccines were either unavailable or underused.
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